We conducted a large-scale analysis of around 10,000 scientific articles, from the period [2007][2008][2009][2010][2011][2012][2013][2014][2015][2016], to study the bibliometric or formal aspects influencing citations. A transversal analysis was conducted disaggregating the articles into more than one hundred scientific areas and two groups, one experimental and one control, each with a random sample of around five thousand documents. The experimental group comprised a random sample of the top 1% most cited articles in each field and year of publication (highly cited articles), and the control group a random sample of the remaining articles in the Journal Citation Reports (science and social science citation indexes in the Web of Science database).
Introduction
It is well known that about 20% of papers obtain more than 80% of citations, while other papers are either not cited at all or are infrequently cited (Garfield 2006) . Based on this, when a particular paper is cited more frequently than others of a similar topic and age, it is usually concluded that it has a higher quality compared to the other papers (Bornmann et al. 2012) . However, there are other reasons why researchers cite papers:
to support their own claims, methodology or findings (supportive citations); to present different points of view; and even to criticize the cited paper (Aksnes 2003; Harwood 2008 ).
Among the factors influencing the number of citations, Tahamtan, Askar Safipour and
Ahamdzadeh (2016) identified three general dimensions: (i) Paper related aspects:
quality, novelty, interest, field and topic, typology, study design, methodology, results and discussion, figures and appendices, titles and abstracts, references, length, age, early citation, and accessibility; (ii) Journal related aspects: journal impact factor, language, scope, and visibility; and (iii) Author(s) related aspects: number of authors, reputation, academic category, self-citations, international and national collaboration, country, gender and age, productivity, and funding.
Some authors have studied the scientific aspects influencing citations (Buela-Casal and Zych 2010; Callaham et al. 2002; Patterson and Harris 2009; Stremersch et al. 2007 ). In addition to the quality of the paper, the methodology (Bhandari et al. 2007 ) together with the novelty of the subject and the popularity of the topic (Chen 2012; Peng and Zhu 2012) seem to be the main scientific aspects influencing citations.
However, in this paper we study the bibliometric or formal aspects influencing citations. We restrict the analysis to research articles in order to avoid the typology bias.
It is well known that some types of documents receive more citation than others.
Generally, review articles receive more citations than research articles (Biscaro and Giupponi 2014; Fu and Aliferis 2010) .
Our study differs from others in the literature in various ways. We conducted a largescale transversal analysis of around 10,000 papers disaggregated into more than one hundred scientific areas. We used a novel methodology comparing two different groups of papers, those highly cited and those not highly cited. The population analysed are the research articles published in the period [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] in journals of the Journal Citation Reports (science and social science citation indexes in the Web of Science database).
Our aim was to verify the existence or otherwise of bibliometric aspects which displayed significant differences between the group of top 1% most cited articles according to their field and year of publication (highly cited articles) and the remaining articles. In each of these two groups of articles, we considered a random sample of around five thousand documents.
Bibliometric or formal aspects influencing citations: state of the art
There is no strong evidence in the literature in favour of the thesis that some formal aspects contribute to a paper achieving more citations. The results mainly depend on the methodology employed and there is no consensus with respect to some of these aspects about the real effect on citations. A brief revision of the most relevant bibliometric factors considered in the literature is described below.
Field and age
The number of citations varies according to the characteristics of the disciplines and topics (Costas et al. 2009; Dorta-González et al. 2014) . Hot topics usually attract more attention and receive more citations (Fu and Aliferis 2010) , but the size of the literature (number of papers published in the field) also contributes to the number of citations a paper receives (Biscaro and Giupponi 2014) .
With respect to the age of the article, in general the number of citations increases in the first years after publication before reaching a peak and then gradually decreasing over time (Dorta-González and Dorta-González 2013b) . One possible reason is that the information becomes increasingly outdated and obsolete (Barnett and Fink 2008) .
Co-authorship and visibility
The number of authors indicates the extent of the scientific collaboration. Papers with more authors are more likely to obtain a higher number of self-citations, external citations and visibility (Biscaro and Giupponi 2014; Peng and Zhu 2012) .
To increase this visibility, researchers also try to publish their papers in high impact journals (to reach more readers and become more frequently cited). The journal impact factor (JIF) can be considered a proxy of visibility and prestige, which are of high importance for a document to be cited (Dorta-González et al. 2017; Dorta-González and Santana-Jiménez 2018) . Publishing papers in high impact journals would result in more citations than publishing in low impact ones (Aksnes 2003; Callaham et al. 2002; Fu and Aliferis 2010; Garner et al. 2014; Peng and Zhu 2012) . However, the impact factor is a consequence of citations, and is often considered a cause of citations. Thus, considering this aspect in predicting citations is controversial (Bhandari et al. 2007 ).
Length of the document and references
The length of a paper is among the factors increasing the number of citations (Falagas et al. 2013; Peng and Zhu 2012; van Wesel et al. 2014) . This might be due to the fact that longer papers contain more information. However, some other studies show there is no relationship between the length of a paper and the number of citations (Royle et al.
2013; Walters 2006).
The list of bibliographical references in a paper can be considered the knowledge of the author(s) about the literature. Thus, the number of references, their prestige as well as the variety of the references in a paper increase the frequency of citation (Biscaro and Giupponi 2014; Chen 2012; Falagas et al. 2013; van Wesel et al. 2014 ).
Title and abstract
The characteristics of the title and abstract are not identified as determinant for citations in the literature. The title affects the number of downloads more than the number of citations. Papers with titles in question form are downloaded more than those with descriptive titles, but they are less frequently cited (Jamali and Nikzad 2011) .
Furthermore, titles with two components separated by a colon increases the number of citations (Jacques and Sebire 2010) . Other punctuation marks such as a comma also increase citations (Buter and van Raan 2011) .
Although some authors did not find a significant correlation between title length and citations (Jamali and Nikzad 2011; Rostami et al. 2014) , others maintain that the title length negatively affects citations, in that longer titles receive less citations than shorter one (Stremersch et al. 2015; Subotic and Mukherjee 2014) .
Finally, papers with longer abstracts receive more citations (van Wesel et al. 2014 ).
Methodology
The on-line search application of the Web of Science database, currently managed by Clarivate Analytics and available at apps.webofknowledge.com, was used for the data search. Regarding the design of the research, two groups of research articles were considered, an experimental and a control group. The experimental group was filtered using the Essential Science Indicators (ESI) Top Papers criterion, refining to the highly cited papers category which uses the ESI to locate the top 1% most cited documents according to their field and year of publication. This search resulted in a total of 99,479
Highly Cited Articles (HCA).
Then, 5,000 of these HCA articles were randomly selected. After discarding some anomalous documents with empty relevant data, a total of 4,956 articles remained. This sample represents 4.98% of the total population in the HCA group.
For the control group, the HCA were first excluded and then a simple random sample of 5,000 articles was made, resulting in 4,998 Non-Highly Cited Articles (NHCA) after discarding an anomalous pair of data.
Therefore, the total sample size was n = 9,954 research articles published between 2007 and 2016. For this random sample, the following variables were exported directly from the database: Author, Year, Title, Abstract, Source, Page Count, Times Cited, Cited Reference Count, and Research Areas.
In the disaggregated analysis, of the 137 research areas in the Journal Citation Reports, those in which the number of articles in either of the two groups (HCA and NHCA) was less than five cases were discarded. This is because we consider there are not enough data to draw conclusions. After this discarding process, the final number of research areas in the disaggregated analysis was 107.
We also download the JIF from the Journal Citation Reports. Web of Science uses a journal classification system where each journal is assigned to one or several subject categories. According to the JIF, each journal is placed in a percentile within each category. In this paper, we used the best percentile for each journal, that is, the highest of them all. This is the reason why the median is above the 50th percentile, even in the NHCA group.
Finally, we linked the two datasets by the journal. Both the search for the data and its export to the dataset were done during the first week of September 2017.
As the main statistical tools, we used the median and a non-parametric median test. The median is the value separating the higher half from the lower half of a data sample. That is, the middle value of a data set. The basic advantage of the median in describing data compared to the mean is that it is not skewed so much by extremely large or small values, and so it may give a better idea of a typical value. Because of this, the median is of central importance in robust statistics.
Finally, a non-parametric median test was chosen to compare the HCA and NHCA groups since the variables considered in the study do not follow a normal distribution.
The non-parametric median test is a statistical tool that tests the null hypothesis that the medians of the populations from which two or more samples are drawn are identical.
Results and discussion

Data distribution and linear correlation between variables
The hypothesis of normality was rejected for all the analysed variables. Normal contrasts were performed and the frequency histograms corroborated asymmetry and distributions very far from the normal. For this reason, it was decided to use the median in this paper as a measure of central tendency, which is quite common in bibliometric studies (Dorta-González and Dorta-González 2013a).
In relation to independence between the variables analysed, within the 107 areas linear correlations higher than 0.5 were found only between number of references and number of pages, and usually the HCA group had a higher coefficient. Pearson's correlation coefficients for the 10 research areas with the largest sample sizes are shown in Table 1 .
As can be observed, in the HCA group these coefficients are above 0.58 in most of the areas (7 out of 10), but in only two 2 areas in the NHCA group. Therefore, in the highly cited group, the longest papers are supported by a greater number of references.
[ Table 1 about here] However, no linear correlations were found between any other pair of variables analysed. Interestingly, although the number of authors might be expected to have an impact on both article length and number of citations, no correlation was found in this study between number of authors and number of pages, nor between number of authors and JIF.
Medians by groups of papers, and equality of median tests in aggregated areas
A non-parametric median test was chosen to compare the HCA and NHCA groups as the variables in this study do not follow a normal distribution (Table 2) . For all the variables analysed there are significant differences, below the 0.01 level, between the groups of articles (HCA and NHCA). The highly cited articles are published in higher impact factor journals (33 percentile points higher), have more authors (25% higher) and are longer in terms of number of pages (10% higher) and bibliographical references (35% higher). In addition, highly cited articles have slightly shorter titles (3% lower) but, contrastingly, longer abstracts (10% higher).
[ Table 2 about here]
Medians by groups of papers, and equality-of-medians tests in disaggregated areas
In order to reduce the field effect, Table 3 analyses the previous aspects but disaggregating for each of the 107 research areas. This information is also summarized in Figure 1 . Note that the medians are higher for the JIF percentile in the HCA group in all research areas. Moreover, in the HCA group the medians are clearly higher in most of the research areas for the rest of the aspects except for length of title. That is, the highly cited articles are, in general, more extensive in number of pages, which is the result of the work of a greater number of authors who reference a greater number of documents. In addition, highly cited articles have slightly shorter titles but, contrastingly, longer abstracts.
[ Table 3 and Figure 1 about here] A summary of Table 3 in relation to the significance level is presented in Table 4 . Note that, in general, the percentage of research areas with significant differences between the two groups of papers increases when only considering the 30 research areas (of the total of 107) which had more than 50 papers in both the HCA and NHCA.
[ Table 4 about here]
From highest to lowest significance in the results, the following comments can be made about Table 4 .
Journal Impact Factor percentile
Of the 107 areas considered, 79 display differences between the median percentiles corresponding to the HCA and NHCA groups at a significance level of 1%. If a significance level of 5% is considered, the number of areas showing differences between medians rises to 86. When large samples are considered, the equality-ofmedians hypothesis is rejected in all research areas with more than 50 observations in each group. In all cases, the percentile is higher in the HCA group. This result is strong evidence in favour of the hypothesis that publishing in journals with a high impact factor contributes to achieving more citations for a paper.
Number of authors
In 36 of 107 areas, there exist differences between the median number of authors corresponding to the HCA and NHCA groups at a significance level of 1%. If a significance level of 5% is considered, the number of areas showing differences between rises to 51. When large samples are considered, the equality-of-medians hypothesis is rejected in 80% of the research areas with more than 50 observations in each group. In all cases, the median number of authors is higher in the HCA group. This result is strong evidence in favour of the hypothesis that collaborations contribute to a paper achieving more citations.
Number of characters in abstract and titles
Most people find publications nowadays via Google Scholar or other online sources.
The search algorithms used by Google and other search engines assign more importance to words appearing in a title compared with an abstract or the body text of a paper. If the article title includes keywords that other researchers in the field are likely to search for, then the document is much more likely to show up on the search returns. From a bibliometric perspective, the length of titles and abstract is therefore of interest.
In our results, in 19 of the 107 areas considered there are differences between the median length of the abstract corresponding to the HCA and NHCA groups at a significance level of 1%. If a significance level of 5% is considered, the number of research areas showing differences between medians rises to 39. When large samples are considered, the equality-of-medians hypothesis is rejected at the 0.05 level in 57% of the research areas with more than 50 observations in each group. In most cases, the abstracts are longer in the HCA group.
However, in only 9 of the 107 areas are there differences between the median length of the title corresponding to the HCA and NHCA groups at a significance level of 1%. If a significance level of 5% is considered, the number of areas showing differences between medians rises to 19. When large samples are considered, the equality-ofmedians hypothesis is rejected at the 0.05 level in 33% of the research areas with more than 50 observations in each group. In most cases, the length of the title is smaller in the HCA group.
These results provide empirical evidence in favour of the thesis that longer abstracts and shorter titles contribute to a paper achieving more citations.
Number of pages and references
In 56 of the 107 areas, there exist differences between the median number of pages corresponding to the HCA and NHCA groups at a significance level of 1%. If a significance level of 5% is considered, the number of research areas showing differences between medians rises to 62. When large samples are considered, the equality-of-medians hypothesis is rejected at the 0.01 level in 60% of research areas with more than 50 observations in each group (67% of areas at the 0.05 level). In most cases, the median number of pages is higher in the HCA group.
In 38 of the 107 areas, there are differences between the median number of references corresponding to the HCA and NHCA groups at a significance level of 1%. If a significance level of 5% is considered, the number of research areas showing differences between medians rises to 51. When large samples are considered, the equality-of-medians hypothesis is rejected at the 0.01 level in 67% of research areas with more than 50 observations (80% of areas at the 0.05 level). In all cases, the median number of references is higher in the HCA group.
These results are evidence that a higher number of pages and longer list of references contribute to a paper achieving more citations.
Question form in title and abstract
The title is very important for the visibility of a paper. However, the abstract is the key to persuading potential readers to finally read the paper. The frequency of the most common punctuation marks in the title and abstract are shown in Table 5 . Question form titles appear in 2% of the HCA group and slightly less in the NHCA group (1.86%). However, question marks in the abstract are rare and only appear in approximately 1% of cases.
[ Table 5 about here]
The colon in titles is quite frequent (23% in the HCA group and 18% in the NHCA group). This use is related to the size of the title because authors frequently use the colon to link sentences instead of other longer rhetorical figures. Therefore, the greater presence of this punctuation mark in the HCA group may explain the fact that titles are slightly shorter within this group.
A descriptive title maximizes the possibilities that readers correctly remember the arguments to rediscover what they are looking for. However, some authors adopt question form titles in the belief that they will be more attractive and increase the number of readers and citations. In an attempt to resolve this issue and determine whether question form titles influence the number of citations per year, a median test for this variable was performed, distinguishing between the HCA and NHCA groups (Table   6 ).
[ Table 6 about here]
The results show differences in the HCA group in the median number of citations per year between papers titled in descriptive and question forms at a significance level of 1%. According to the results, in the HCA group the median number of citations per year is higher for papers with a descriptive title. No significant differences were found in the NHCA group.
Citations per year in the highly cited article group
It has been seen that there are significant differences in several characteristics between the two groups of articles, the HCA and the NHCA. It was also decided to determine whether there existed significant differences within the HCA group. For the purpose of brevity, we will limit ourselves to describing some of the variables graphically.
Scatterplots between citations per year and the variables that most affect the impact are shown in Figure 2 . As can be observed, in the case of JIF percentile, the vast majority of the highly cited articles are published in journals of the first quartile (percentile above 75%). Furthermore, an exponential relation between the two variables can be clearly seen. Within the select group of articles in the first quartile, there are numerous cases with more than a hundred citations per year in the analysed period. In five cases the number of citations per year is more than five hundred. However, in the group of articles published in journals of the second quartile (percentile 50 to 75) only a small number of papers with more than a hundred citations are observed.
[ Figure 2 about here] For number of authors there are two different trends depending on a specific threshold.
Up to about 10 authors, there is a positive effect on citations. However, above that level there is no clear effect on citations. Surprisingly, there are about twenty papers with more than a hundred authors and one of them close to one thousand authors.
Something similar happens with number of pages. There are two different trends. Up to around 15 pages, there is a positive effect on citations. However, above that level there is again no clear effect on citations. Perhaps surprisingly, there are many cases of articles more than fifty pages long.
Finally, as can be deduced from Figure 2 , all of the ten most cited papers (with more than four hundred citations per year) were published in journals above the percentile 90, and only one had more than a hundred authors. In addition, three are over twenty-five pages long. The most cited document is a major collaboration of around five hundred authors. The second and third most cited articles are two very extensive documents of more than two hundred and fifty pages.
Conclusions
There is no strong evidence in the literature in favour of the thesis that some formal aspects contribute to achieving more citations for a paper. The results mainly depend on the methodology employed and there is no consensus in some aspects about the real effect on citations.
This large-scale study, both in terms of sample size and the number of areas considered, analyses metadata associated with the publications and concludes that some of them have a significant influence in explaining the impact of documents.
Although the number of authors might be expected to have an impact on both article length and number of citations, no correlation was found in this study between number of authors and number of pages, nor between number of authors and JIF.
Highly cited articles differ from the other articles in most bibliometric aspects. There are significant differences, below the 0.01 level, between highly cited and non-highly cited articles in many variables and areas. Highly cited articles are published in journals with a higher impact factor (33 percentile points above) and have more authors (25% more). Highly cited articles are also longer in terms of number of pages (10% higher) and bibliographical references (35% more). Finally, highly cited articles have slightly shorter titles (3% lower) but, contrastingly, longer abstracts (10% higher).
The practical implications of these results are related mainly to the impact of the publication journal and the impact of the article. The publication journal is very important in relation to the impact of the research because the journal impact factor percentile is usually a good measure of visibility and readership. From the point of view of research impact, it is preferable for titles to be descriptive and short, and the abstract to be the part that extensively describes the conclusions and methodological aspects. 
